With the increasing availability of GPS-enabled devices, a huge amount of GPS trajectories recording people's location traces have been accumulated and shared freely on the Web. In this area, one of the most important research topics is to exploit trajectory-movement pattern about where and when people clustered based on the raw GPS data. In order to solve this problem, clustering is a good way to perform data mining tasks on trajectory data. This paper provides a clustering algorithm which aims at mining people's movement pattern about the clustered location and their temporal evolution characteristics. Firstly, the characteristic points of GPS trajectories were chosen. Based on the characteristic points, a trajectory has been partitioned into a group of line segments. These line segments can represent the movement pattern of trajectories much better than that of track points. Secondly, an improved density-based line clustering method was used for the individual partitioned line segments to find out individual clusters with similar track segments. In this step, the absolute time spot of people's trajectories was taking into account as a characteristic for the temporal evolution of people's trajectories. Finally, the representative clustered hot spots of multiple users' line segments achieved by above steps were output. Experiments were conducted with GPS trajectories data downloaded from the web to verify the effectiveness of the algorithm in this paper. According to the results, the spatial distribution and temporal evolution characteristics of people's stay hot spots were effectively discovered from people's GPS trajectories data.
INTRODUCTION
The increasing availability of GPS-enabled devices is changing the way people interact with the Web, and has facilitated people to record their location trace with GPS trajectories. More and more users start recording their outdoor activities with GPS trajectories for many reasons, such as travel experience sharing, life logging, sports activity analysis and multimedia content management, etc [1] . Therefore, a huge amount of GPS trajectories representing people's location information have been accumulated on the Web. For example, according to the OSM official website statistics [2] , there have been 1.5million
users registered on the website, with 380 billion track points shared and more than 10000 cities over the world included, by the end of 2013. Another case is the project GeoLife proposed by Zheng Yu et al. [3] from Microsoft Research Asia. The team conducted experiments using GPS data collected from 181 volunteers during a period of 2 years in the real world to mine valuable knowledge like individual life pattern [4] , transportation mode [5] and user similarity [6] , etc. Moreover, these GPS data are all shared freely on the Web. It brings us challenges as well as opportunities to discover the valuable knowledge that we need from the massive amounts of GPS trajectories. One of the most important research topics in this area is to exploit trajectory-movement pattern about where and when people clustered or stayed based on the raw GPS data.
In order to discover people's trajectory movement pattern, clustering is a good way to perform data mining tasks on trajectory data. Jae-Gil Lee et al. [7] have proposed a trajectory clustering algorithm TRACLUS based on a partition-and-group framework which partition the trajectories into sub track segment using the minimum description length (MDL) principle. They made experiments with hurricane trajectories and animal movement data to discover the sub track segment with the same movement pattern in space. Since the movement pattern of human GPS trajectories is quite different from hurricanes' or animal movements', the spatial-temporal characteristics of people's trajectories are essential to be considered in the clustering process. Zhang Yanling et al. [8] have proposed a new method T-CLUS, which partitions a trajectory into line segments based on characteristic points.
T-CLUS identifies cluster structure of sub-trajectories by means of reachability plot. With experiments on hurricane trajectories they have obtained the movement pattern of the sub-trajectories. Although the research has calculated the time interval between two points as time distance, it may lose some inner properties of human GPS trajectories since they discarded the absolute time spot contained by each log point in GPS trajectories data. The absolute time spot is quite important for analyzing the temporal evolution of people's movement pattern.
In this paper, an advanced clustering method by taking more spatial-temporal information into account is provided. It aims at mining people's movement pattern about the clustered location and their temporal evolution characteristics.
PROBLEM STATEMENT
Based on a GPS trajectory data set collected in the real world, this paper develop a spatial-temporal clustering algorithm in order to discover people's trajectory movement pattern. Given a set of trajectories, our algorithm generates a set of clusters C from a group of line segments which is constituted by the characteristic points chosen from the raw trajectories. And a representative clustered hotspot is computed for each cluster Ci to stand for a hotspot region people clustered. Now the track point, trajectory, characteristic point, cluster and representative clustered hotspot are defined as follows. 
TRAJECTORY PARTITIONING
In this section, a trajectory partitioning algorithm is proposed to find out the characteristic points we defined in Definition 3.
After the characteristic points are chosen, the trajectory Tra can be partitioned at every characteristic point, and two consecutive characteristic points constitute a line segment of the trajectory. Therefore, Tra is partitioned into a set of line segments {cp1cp2, cp2cp3, …, cpend-1cpend}. Literature [7] called such a line segment a trajectory partition, and it is also suitable for this paper. Figure 1 shows an example of a trajectory and its trajectory partitions. 
TRAJECTORY CLUSTERING
People's trajectories usually have irregular shapes and they are always clustered when people have the same activities or movements, therefore, the density-based clustering algorithm is quite applicable for us to perform clustering task on trajectory data. In this section, we develop a line-oriented density-based clustering algorithm based on the algorithm DBSCAN [10] .
Firstly, the distance function used in clustering line segments is introduced in Section 4.1. Next, a spatial-temporal line segment clustering algorithm is proposed for the partitioned trajectory segments to find out clusters with similar track segments in 
Distance Function
In our study, people's trajectories in the real world are The
This contribution has been peer-reviewed. doi:10.5194/isprsarchives-XL-2-55-2014 (1) The spatial distance ds. According to the trajectories' spatial characteristics, spatial distance ds is consisted of the positional distance (dp) and speed distance (dv).
The positional distance dp represents the absolute positional relationship between the trajectory segments. We measure the positional distance using Hausdorff distance formula (2). somewhere. The speed distance dv is defined using Formula (3).
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Here, is the speed of a line segment, Δt is the time interval between the start point and end point.
Finally the spatial distance ds is represented using Formula (4). Without losing generality, we set ξ equal to 0.5 in default. dv dp ds 
EXPERIMENT RESULTS AND DISCUSSION

Experimental Setting
We use a real trajectory data set downloaded on the Internet: the GeoLife data set. GeoLife is a project proposed by Zheng Yu et al. [3] from 
Experiment Results
The aim of our trajectory segment clustering analysis is to 
